Objective. To study the difference of interstitial lung diseases (ILDs) in high-resolution computerized tomography and pulmonary function test among different connective tissue diseases (CTDs). Methods. 209 patients with different CTDs were recruited and underwent lung HRCT and PFT. Eerythrocyte sedimentation rate (ESR), C-reactive protein (CRP), serum ferritin (SF), anti-SSA, and so on were tested. Based on HRCT, a patient was classified into ILD group (CTD+ILD) or non-ILD group (CTD-ILD). HRCT, PFT, and laboratory markers were compared according to CTDs and CTD-associated ILDs. Results. The incidences of ILD were 79.6%, 82.0%, 89.7%, and 97.1% respectively for Rheumatoid arthritis (RA), primary Sjogren's symptom (pSS), dermatomyositis/polymyositis (DM/PM), and systemic sclerosis (SSc) groups. RA and pSS patients exhibited more nodules, patching, ground-glass opacity, and cord shadow foci in HRCT, DM/PM and SSc patients exhibited more reticular opacity and honeycombing foci. RA and pSS patients exhibited more obstructive ventilatory disorder, small airway dysfunction and emphysema in PFT, and DM/PM and SSc patients exhibited more restrictive ventilatory disorder, mixed ventilatory disorder. ESR, CRP and SF were significantly higher in total CTD+ILD group than in total CTD-ILD group (P = 0.047, 0.006, 0.004, respectively), and higher in different CTD+ ILD groups than in comparable CTD-ILD groups (P = 0.049, 0.048, and 0.023, pSS+ILD, SSc+ILD and RA+ILD compared to pSS-ILD, SSc-ILD How to cite this paper:
Introduction
Lung is one of main involved organs in diffuse connective tissue diseases (CTDs) . As the use of high-resolution computerized tomography (HRCT) and pulmonary function tests (PFT) has become more frequent in clinics, CTDs, such as rheumatoid arthritis (RA), primary Sjogren's symptom (pSS), dermatomyositis/polymyositis (DM/PM), and systemic sclerosis (SSc) have increasingly been found with interstitial lung disease (ILD) [1] . However, little is known about how the manifestations of lung HRCT and PFT vary among different ILDs Inflammation is involved in the pathogenesis of many autoimmune diseases.
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and serum ferritin (SF) levels are higher in patients with CTD+ILD than patients with CTD but without ILD (CTD-ILD) [2] [3] [4] . These changes have been associated with the prognosis of patients with CTD+LD [2] [3] [4] . Several auto-antibodies are also reported associated with inflammatory myopathy-associated ILD [5] [6] .
In current study, we compared the incidences and the differences of ILDs in HRCT and PFT among patients with different CTDs, and analyzed the correlations between ILDs and changes in inflammatory markers and auto-antibody levels.
Materials and Methods

Patients
The consecutive inpatients and outpatients (adults) with RA, pSS, DM/PM, and Rheumatology (ACR) criteria for SSc, The inclusion criteria were described in our published article [7] . Patients with pulmonary infection, tumours, or tuberculosis were excluded. The diagnosis of ILD was basis on the definition on HRCT from the Nomenclature Commitee of the Fleischner Society [8] . The paper was examined and approved to publish by the ethics committee of Anhui Provincial Hospital (Supplement-Ethics document).
Experimental Data and Treatment
Age, disease duration, inflammatory markers (ESR, CRP, and SF) and auto-antibodies (antinuclear antibody (ANA, indirect immunofluorescence), anti-SSA (immunoblotting), anti-endothelial cell antibody (AECA, ELISA)), and the previous three-month treatment protocols were collected. Based on the used drugs, the treatment schemes were classified into six levels (1, 2, 3, 4, 5, and 6, indicating symptomatic treatment, only glucocorticoids used, one kind of disease modified anti-rheumatic drug (DMARD) used, glucocorticoid and one DMARD used, two DMARDs used, glucocorticoid and two or more DMARDs used, respectively). Because of lower positive rate and the relatively smaller sample, anti-JO-1 and anti-SCL-70 were not included in our study.
All patients were evaluated by chest HRCT and PFT. The devices were described in our article [7] . An independent radiologist read the films, and an expert in PFT made the diagnosis of pulmonary function.
Group of Patients and Analyze
Based on HRCT, a patient was classified into ILD group (CTD+ILD) or non-ILD group (CTD-ILD). Every kind of CTD patients and all patients were classified into CTD+ILD groups and comparable CTD-ILD groups respectively. We compared the incidences of ILDs and the frequencies of HRCT and PFT manifestations among four CTDs. The levels or positive rates of inflammatory markers and auto-antibodies were compared among different CTDs, and between different CTD+ILD groups and comparable CTD-ILD groups. We also analyzed the distributions of confounders (age, disease duration, and treatment protocol) among different CTD groups, and between CTD+ILD groups and comparable CTD-ILD groups.
Statistical Analysis
Quantitative data were expressed as means ± SD (standard deviation) or medians and interquartile ranges (IQR), and compared by one-way ANOVA or an independent-sample T test, or Kruskal-Wallis test. Qualitative data were compared by χ 2 test. Multiple comparisons were estimated by S-N-K (Student Newman Keuls) or Mann-Whitney U test. The software SPSS 10.01 was used. Differences with P values < 0.05 were considered significantly. When multiple comparisons were used, the overall experiment-wise error rate was set at α = 0.05. (Table S1 and Table S2 ).
Results
Age and Disease Duration
Treatment Protocols
The accumulated points of the treatment protocols did not significantly differ among four CTD groups, and among total CTD+ILD group and comparable total CTD-ILD group (P > 0.05, data not shown). The DMARDs are shown in Table S3. There were seven types of HRCT: reticular opacity or honeycombing, cord shadow, patching or ground-glass opacity, nodule, emphysema or bulla or bronchiectasis, slight inflammation, and normal HRCT. The percentages of normal HRCTs were significantly higher in pSS and RA groups than in SSc group. Nodule frequencies decreased in the following order: pSS, RA, DM/PM, and SSc, meanwhile, SSc group presented a statistically lower frequency (P = 0.029 and 0.037 compared to pSS and RA, respectively). Reticular opacity and honeycombing frequencies increased in the following order: pSS, RA, DM/PM Open Journal of Rheumatology and Autoimmune Diseases and SSc, meanwhile, SSc group presented a statistically higher frequency (P = 0.002 and 0.005 compared to pSS and RA, respectively). The frequencies of the other manifestations, such as cord shadow, patching or ground-glass opacity, emphysema, bulla, bronchiectasis, slight inflammation, and combined manifestations (patching, ground-glass opacity and slight inflammation), did not significantly differ among four CTD groups although patching or ground-glass opacity and cord shadow decreased in the following order: pSS, RA, DM/PM and SSc. The data are shown in Table 1 . Table 2 .
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Auto-Antibodies
The titres of ANA in pSS and SSc groups were significantly higher than in RA and DM/PM groups. The frequency of anti-SSA was significantly higher in pSS, DM/PM, and SSc than in RA. The frequency of AECA did not significantly differ among four CTD groups (P = 0.149). Data are shown in Table 3 . The distributions of these antibodies did not significantly differ between total CTD-ILD group and total CTD+ILD group, and between the various CTD-ILD groups and comparable CTD+ILD groups (data not shown) except that the positive rate of The medians of pSS and SSc groups were significantly higher than those of RA and DM/PM groups (P = 0.000, 0.000, 0.000, and 0.000). Anti-SSA: The positive rate in RA group was significantly lower than those in pSS, DM/PM and SSc groups (P = 0.000, 0.00, and 0.000, respectively). Abbreviations: ANA: antinuclear antibody, AECA: anti-endothelial cell antibody; other abbreviations are as in Table 1 .
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anti-SSA in DM/PM+ILD group was significantly higher than that in DM/PM-ILD group (P = 0.025, Table 4 ).
Inflammatory Markers
The medians of ESR and CRP in RA group were significantly higher (P = 0.003, 0.000, 0.000 compared to pSS, DM/PM, and SSc, respectively (ESR), and P = 0.000, 0.002, 0.001 compared to pSS, DM/PM, and SSc, respectively (CRP)). The median of SF in DM/PM group was significantly higher (P = 0.004, 0.002, and 0.002 compared to pSS, RA, and SSc, respectively). The data are shown in Table 5 .
ESR, CRP, and SF were all significantly higher in total CTD+ILD group than in total CTD-ILD groups (Table 6) . Finally, ESR, CRP, and SF (except for SSc) were higher in various CTD+ILD groups than in comparable CTD-ILD groups, meanwhile, ESR was significantly higher in pSS+ILD, CRP was significantly higher in SSc+ILD, and SF was significantly higher in RA+ILD (P = 0.049, 0.048, and 0.023, compared to pSS-ILD, SSc-ILD and RA-ILD, respectively, data not shown).
Discussion
CTD+ILD is a leading cause of death in CTD patients [9] [10]. However, little is known about differences in the incidences and manifestations of ILD among different CTDs (based on lung HRCT and PFT evaluations). In current study, the manifestations of ILD were different depending on different CTDs in HRCT and PFT although the difference of the incidences was not significant (may be due to the smaller sample because the P value (0.051) was close to 0.05). pSS and RA groups had the lower incidences and mild condition, and DM/PM plus SSc groups had the higher incidences and severe condition. Moreover, ESR, CRP, SF, and anti-SSA were related to ILD associated with comparable CTDs.
HRCT is useful for diagnosis of ILD and monitor of the condition of ILD. In current study, more normal lung HRCTs, nodules, patching, ground-glass Data are presented as medians and IQR. ESR: The median of RA group was significantly higher than those of pSS, DM/PM, and SSc groups (P = 0.003, 0.000, and 0.000, respectively). CRP: The median of RA group was significantly higher than those of pSS, DM/PM, and SSc groups (P = 0.000, 0.002, and 0.001, respectively). SF: The median of DM/PM group was significantly higher than those of pSS, RA, and SSc groups (P = 0.004, 0.002, and 0.002, respectively). Abbreviations: ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, SF: serum ferritin. Other abbreviations are as in Table 1 . Table 1 and Table 4. opacity, and cord shadow foci (which often represent non-serious active and reversible foci and the condition is mild) were found in pSS and RA patients;
however, more reticular opacity and honeycombing foci (often represent fibrosis and irreversible damage and the condition is severe) were observed in DM/PM and SSc patients. Therefore, the ILDs differed in incidences, manifestations and severity of ILD based on HRCT evaluations in the evaluated CTDs.
PFT is also often used for judgment of severity of ILD. In current study, more normal PFT, OVD, small airway dysfunction and emphysema instances were observed in pSS and RA groups, however, more RVD, and MVD instances were by PFT in pSS and SSc groups, which might be due to enhanced emphysema in pSS group and enhanced pulmonary fibrosis in SSc group.
ESR, CRP and SF are often regarded as inflammatory markers. In current study, the levels of ESR, CRP and SF were significantly higher in total CTD+ILD group than in total CTD-ILD group. When patients of every CTD type were classified into CTD+ILD and CTD-ILD groups, the same results were obtained with respect to ESR, CRP and SF levels in different CTDs. Lee SH, et al. reported that increased CRP levels at diagnosis were associated with poor survival in idiopathic pulmonary fibrosis cases [11] . Based on these results, inflammation might be main contributor to CTD+ILD. However, we found that the levels of ESR and CRP were lower in the groups of more serious condition (DM/PM and SSc groups) than in the groups of less serious condition (pSS and RA groups).
Moreover, Cavagna L, et al. reported that CRP alleviates neutrophil-induced alveolitis [12] [13] . Therefore, it appears that lower inflammation levels are associated with the higher incidence and worse condition of ILD. How can these contrary conclusions be explained? It has been reported that the focal inflammation of lung results in the development of ILD, therefore, the higher ESR and CRP levels found in RA and pSS groups might mainly represent systemic inflammation, and the levels of ESR and CRP might be higher in lungs of patients with DM/PM and SSc than in lungs of patients with pSS and RA although the levels in serum were lower than in serum of patients with pSS and RA, which needs further confirmation by study of bronchoalveolar lavage fluid (BALF) and lung tissue in future. The activated phosphoinositide 3-kinase (PI3K)/Akt pathway promotes the repair and development of ILD [14] , and CRP promotes PI3K-Akt pathway activation [15] , so CRP might contributes to ILD by this pathway. Damage and inflammation are more apparent during the early stage of ILD (nodules, patching and ground-glass opacity), whereas repair is more apparent during the late stage (reticular opacity and honeycombing foci). Therefore, repair might be more apparent in patients with DM/PM or SSc than in patients with RA or pSS. Some researchers reported apparent repair in IPF [16] [17] . In addition, repair markers were found in an SSc model and in patients with SSc [18] , and ILD in SSc is similar to IPF [19] [20] . Those results support more repair in SSc-ILD. Interestingly, extracellular ferritin also activates the PI3K pathway [21] , possibly representing the causative contribution of SF to ILD in CTDs.
Some of auto-antibodies in serum are associated with CTD+ILD. AECA and anti-SSA were associated with the advent and severity of ILD in DM/PM [9] [22]. Here, we found a significantly higher frequency of anti-SSA in DM/PM+ILD group than in DM/PM-ILD group but not in other CTDs, which indicates that anti-SSA might be a contributor to DM/PM+ILD. We did not find significant correlation between ANA, AECA and CTD+ILDs.
The means of age in pSS+ILD, DM/PM+ILD and total CTD+ILD groups were Open Journal of Rheumatology and Autoimmune Diseases significantly higher than the comparable CTD-ILD groups, so, age may be contribute to the development of ILD in CTDs. However, the higher means of age were in pSS and RA groups, and the lower ones were in DM/PM and SSc groups, and RA group had the highest mean age and the longest disease duration, which indicates that age and disease duration may be not contributors to the higher incidences and more severe condition of ILD in DM/PM and SSc groups than in RA and pSS groups. Additionally, disease duration did not significantly differ between CTD+ILD groups and the comparable CTD-ILD groups, which indicates that disease duration might not be key contributor to the development of ILD in CTDs. However, we didn't find treatment was related to ILDs in different CTDs.
The sample number was relatively small in current study, especially for patients with CTD-ILD, which causes it difficult to analyze the correlation between the antibodies with lower positive incidences and ILD, such as antibodies against aminoacyl-tRNA synthetase to DM/PM+ILD. It needs be studied in larger population in future.
Conclusion
In summary, there were higher incidences and more severe condition of ILD for DM/PM and SSc patients than those for pSS and RA patients, more normal lung Table 1 . 
